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160a Sunday, February 3, 2013of short peptides by Saccharomyces cerevisiae. Our experimental characteriza-
tion of this system shows that expression of the short peptide transporter is reg-
ulated by the quality of the nitrogen source and the availability of peptides and
amino acids. The expression pattern is bimodal after induction with pure pep-
tides but not with mixed substrates suggesting that the system operates either as
a bistable or as a graded switch depending on the mode of induction. We also
have developed a mathematical model of the process and correlated our exper-
imental findings with a phase diagram of the domain of bistable short peptide
uptake based on the model.
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Numerous biological processes do not follow deterministic rules, i.e., geneti-
cally identical cells can display different phenotypes even in identical environ-
ments. Such processes involve what is termed cellular decision making,
where individual cells probabilistically make choices that determine their
fate. One view of cellular decision making is that stochastic noise present
in the biomolecular interaction networks responsible for the decisions is
a major factor in their probabilistic nature. Most previous work has been
focused on the intrinsic noise of these networks, but, especially for high
copy-number biomolecules, extrinsic noise is likely much more significant.
Here we present a theoretical study of switching in such networks and show
that extrinsic noise can not only lower (often by multiple orders of magnitude)
the escape time from a stable decision state, but can fundamentally change the
process of escape.
We first develop an analytical theory for studying how a simple self-regulating
gene, which is bistable with hi and low states, is affected by extrinsic noise.
Studying the system near bifurcation, we use Fokker-Planck and WKB theory
along with a novel formulation of the extrinsic noise to predict the deviation in
mean switching time due to the extrinsic noise. We use computational simula-
tions to validate our theory and then to study a more relevant biological system,
namely the lac genetic switch.
The white noise and weak, adiabatic noise regimes are well described by a bar-
rier-crossing model with corrections. In the strong, adiabatic noise regime,
however, extrinsic noise changes the behavior of stochastic switching. A large
contribution to switching in this regime originates from movement of the
dynamical system in parameter space, which changes the number and location
of fixed points. These results have implications for studying natural cellular
processes and for engineering complex genetic programs.
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Biological systems, from food webs to gene networks, are generally large and
governed by nonlinear interactions between their members. This complexity
often confounds any desired external modification to such a network. As an ex-
ample, consider the curing of a genetic disease. One would wish to change the
state of the genetic network, from diseased to healthy, by manipulation of
the key genes in the system. A model of the network is required to determine
the appropriate actions. Unfortunately, the functional form of the interactions,
their parameters, and even the connectivity of genetic networks are not often
known. Extracting such information from systems with hundreds of member
genes and thousands of interactions is not possible. In response to this
difficulty, we’ve developed an effective modeling methodology based on ex-
perimental data rather than inferred biochemical interactions. Here, we demon-
strate the usefulness of this approach on periodic networks by examining the
model’s description of a synthetic circadian gene network.
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The transcription apparatus (TA) detects the time-varying concentrations of
transcriptional activators and initiates mRNA transcripts at appropriate rates.
We propose a dynamic model to describe how the TA can dynamically
orchestrate reliable transcriptional response based on the general configura-
tions of TA. We argue that activators cycle rapidly in and out a relatively
stable clamp-like space between the Mediator complex and the enhancer.As a result, the activators’ concentration can be encoded by a temporal
occupancy rate which modulates the transcription. Furthermore, we build
a stochastic model which reproduces and reconciles several experimental ob-
servations. These indicate that regulated transcription likely shares the same
dynamic principles.
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The densely connected structure of protein-protein interaction (PPI) networks
reflects on the functional need of proteins to participate in different cellular pro-
cesses, either as subunits of larger complexes or on their own. However, PPIs
provide only a coarse view of the protein interactions in an organism. Here we
demonstrate that the more detailed interface interaction network (IIN) greatly
expands this view and provides insight both into underlying functional require-
ments and into general forces shaping the network topology. By using a se-
quence based computational model of interface binding, we find that the
much less connected structure of IINs, in contrast to the dense PPI networks,
arises at least in part from the competition between specific and nonspecific
binding. We show that IINs containing a minimal number of cliques (i.e., fully
connected subgraphs) have high specificity. In contrast, highly connected hubs
are tolerated both in PPI networks and IINs, resulting in long-tailed, power-law
type degree distributions. We test the predictions of our theoretical analysis
against the IIN of clathrin-mediated endocytosis, finding agreement for key
properties, such as the low abundance of clique motifs and higher abundance
of hub motifs. Understanding the challenges posed by certain network motifs
guides the functional interpretation of biological IINs, with unexpected motifs
indicating interesting behavior. With this insight we are able to identify regions
of the IIN where interface binding is under regulatory control or where binding
partners are distinct enough to exhibit sub-optimal but sufficient specificity to
function.
820-Pos Board B589
A Tree-Like Network Enables Robust Adaptation without Energy
Consumption
Jianlei Chen, Ganhui Lan.
George Washington University, Washington, DC, USA.
Adaptation is one of the key functions for living organisms to properly operate
in complex internal and external signalling environments. A series of recent
studies demonstrated that robust adaptation is achievable through 3-node reg-
ulatory networks, such as Negative-Feedback-Loops (NFL) or Incoherent-
Feed-Forward-Loops (IFFL), that are intrinsically dissipative and must con-
sume energy to operate (e.g. to adapt). And the underlying thermodynamics
follows a trade-off relation that adaptation accuracy can be improved expo-
nentially by dissipating more energy within certain adaptation time. In this
work, however, we constructed a tree-like biochemical network that operates
at dynamic equilibrium. We showed that this network is also capable to pro-
vide robust and accurate adaptation. The tree-like network shares certain de-
grees of similarity with the NFL reaction network found in E. coli.
chemotaxis, yet with some distinct topological characteristics. We systemati-
cally analysed this tree-like network’s static (e.g. adaptation accuracy and op-
erating range) and dynamic (e.g. response magnitude and responding/adapting
speed) performances in the model parameter space. Our analyses indicate that
such network can maintain its function in a broad range of backgrounds and
perturbations. And because it is essentially comprised of the operator itself,
this network is more resistant to other intracellular defects (e.g. abnormal ex-
pression levels or ratios of participating enzymes). Therefore, it could act as
a safety net for living organisms to carry out vital physiological functions,
which is in line with the modal gating regulation of Ryanodine receptors
(RyRs) in Cardiac muscle cells that is implemented through this type of adap-
tive network.
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Polarization is a fundamental process required for directed cell migration, cell-
type specification, tissue development and asymmetrical division. The small
GTPase Rap1 is a well-known mediator of both mitogenic and adhesion
responses and has been identified as the primary regulator of neuronal and
T-cell polarization. To determine the role of Rap1 in T-cell polarity we have
Sunday, February 3, 2013 161adeveloped a dual-chain biosensor based on intermolecular FRET that enables
the spatio-temporal dynamics of Rap1 activity to be measured in individual
living cells. The FRET generated by this dual-chain sensor is a measure of
the binding interaction between cerulean-tagged Rap1 and an affinity reagent
fused to yPet. To facilitate expression of the sensor and to reduce cell-to-cell
heterogeneity in the stoichiometry of components we have engineered a tandem
viral-2A (tv-2A) mediated expression vector that achieves over 99% separation
of proteins when both chains of the biosensor are transfected as a single gene. In
living cells this novel Rap1 biosensor showed a > 10-fold increase in FRET
upon activation, and is sufficiently bright to image Rap1 activity at concentra-
tions that do not interfere with normal cell motility. The intermolecular design
of this biosensor enables native regulation of Rap1 localization by CAAX-box
modification and is well suited to fluorescence lifetime imaging microscopy
(FLIM), a technique that greatly enhances quantitative accuracy and multiplex-
ing potential.
822-Pos Board B591
Engineered Manipulation of Signaling Networks: Control of Kinase
Activation and Interactions Dissects Parallel Src Pathways
Andrei V. Karginov1,2, Denis Tsygangov2, Matthew E. Berginski2,
Evan D. Trudeau2, Pei-Hsuan Chu2, Jason J. Yi2, Shawn M. Gomez2,
Timothy C. Elston2, Klaus M. Hahn2.
1University of Illinois at Chicago, Chicago, IL, USA, 2University of North
Carolina at Chapel Hill, Chapel Hill, NC, USA.
Activation of a kinase in a specific protein complex or subcellular location de-
termines what signaling pathway will be initiated. Current methods typically
cannot activate a specific kinase and simultaneously cause it to interact with
one specific downstream target. Here we provide such a tool, and use it to de-
termine the role of individual Src-mediated signaling pathways in stimulation
of different cell morphological changes. Focal adhesion kinase (FAK) and
p130Cas can bind and activate Src kinase, propagating signals through parallel
pathways. Localization of Src in the cytoplasm or at the plasma membrane
also determines the function of Src. We therefore focused on activation of
Src acting through FAK, p130Cas, or at the cytoplasm versus the plasma mem-
brane. An engineered, ‘‘insertable’’ FKBP12 protein (iFKBP) was introduced
into the catalytic domain of Src, while FKBP12-rapamycin binding domain
(FRB) was attached to the specific downstream effector. This rendered the
kinase inactive until rapamycin induced heterodimerization with FRB. Using
this technology we restricted Src activation to the complex it formed with
FRB-bearing downstream targets. Activation of Src, without targeting specific
downstream molecules, led to cell spreading, reorganization of focal adhe-
sions, and the production of filopodia and lamellipodial protrusions. Using
the new approach (RapR-TAP), we showed that activation of Src specifically
in complex with FAK led to focal adhesion rearrangement and only slow cell
spreading, while activation in complex with p130Cas led to rapid spreading
and filopodia formation, but no apparent effects on focal adhesions. Compar-
ing Src activation in the cytosol versus at the plasma membrane showed that
membrane localization is necessary to stabilize protrusions, whereas cytoplas-
mic Src drives rearrangement of focal adhesions. This demonstrates a broadly
generalizable strategy to activate specific kinase-mediated signaling pathways
in living cells.
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The Src family kinases (SFK) include nine highly homologous members. To
identify unique functions for individual SFKs, we have inserted an engineered
FKBP domain into a conserved region of the kinases’ catalytic domain, gener-
ating rapamycin-regulated (RapR) analogs1 of Src, Lyn, Yes and Fyn, enabling
each isoform to be activated specifically and independently in living cells. The
cellular morphodynamics and corresponding subcellular translocation induced
by activation of each isoform were characterized using new computational
methods, revealing distinct roles for each isoform. While both Src and Fyn ac-
tivation initially induced spreading, only for Src this was followed by polarized
movement. Activation of Src led to kinase redistribution from the perinulcear
region to the cell periphery, while Fyn remained uniformly distributed through-
out the observation period. Changes in the lipidation or swapping the effector
binding domains of each isoform interconverted the cell behaviors and corre-
sponding translocation dynamics. Differences in focal adhesion dynamics
driven by Src versus Fyn activation provide a mechanistic model for the distinct
morphological changes induced by each kinase.824-Pos Board B593
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The development of advanced fluorescence-based imaging techniques in the
life sciences depends in significantly on the further development of specific
fluorescence markers. Gold nanoclusters (AuNCs) are a novel type of nanoma-
terials which have attracted great interest in recent years. Composed of only
a few atoms, AuNCs exhibit bright tunable fluorescence ranging from the vis-
ible to the infrared. Owing to their ultrasmall size, good photophysical proper-
ties and low cytotoxicity, fluorescent AuNCs have been recognized as
promising probes for live cell labeling and intracellular sensing [1,2]. Still, little
is known about the interactions of AuNCs with biological systems. Here we
have studied the uptake behavior of water-soluble fluorescent AuNCs by live
HeLa cells using confocal fluorescence microscopy. Unlike larger particles,
ultrasmall AuNCs accumulate at the plasma membrane before they are internal-
ized and become enwrapped in endosomes and, subsequently, lysosomes. We
have also explored the endocytic mechanisms by which AuNCs are internalized
by using specific inhibitors.
[1]Shang, L.; Dong, S.; Nienhaus, G. U., Nano Today 2011, 6 (4), 401-418.
[2]Shang, L.; Nienhaus, G. U., Biophys. Rev. 2012, DOI: 10.1007/s12551-012-
0076-9.
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During mitosis, microtubule spindle organized by the two spindle poles (SP)
need to properly capture and align chromosomes at the cell equator to ensure
faithful chromosome segregation. Improper chromosome-spindle attachment
will activate spindle assembly checkpoint proteins (SAC) emanated from
this chromosome. Active SAC prevents cyclin B degradation in the cytoplasm
and, consequently halts the progression of mitosis. Only after the last chromo-
some gets properly attached can chromosome segregation begin. Given the
tens of chromosomes and everlasting fluctuations in the cell, it remains murky
how the silencing of SAC faithfully couples with the last chromosome attach-
ment. We established a theoretical model that describes the mitotic spindle
structure (chromosomes, mitotic spindles, and spindle poles) as a coherent
transport system. Depending on whether the chromosome is properly attached,
SAC and cyclin B circulate within the transport system via dyneins, and ex-
change with the cytoplasm in accordance to their well-known biochemical
regulations. The basis of such coherent transport is the compartmentalization
underlied by direct and/or indirect protein binding affinities with these
mitotic structures. Our model results show that such transport system recapit-
ulates the observed spatial-temporal pattern of SAC and cyclin B. More impor-
tantly, the transport system establishes a robust and sensitive mechanism for
silencing SAC activity in accordance with the status of chromosome-spindle
attachments.
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The chemotactic response of Escherichia coli to glucose is mediated by
two distinct intracellular mechanisms, namely, a receptor mediated
response through Trg, and a PhosphoTransferase System (PTS) sugar uptake
mechanism. The study by Neumann et al. (www.pnas.org/cgi/doi/10.1073/
pnas.1205307109) has recently demonstrated that the signals from the PTS
and the Trg sensing mechanism is integrated to yield an additive intracellular
response in E. coli wherein the relative kinase activity is weaker for the PTS
compared to the Trg mediated response. While this additive property, through
the two mechanisms, has been shown at the signalling level, its consequence on
the chemotactic migration of a population of cells remains to be demonstrated.
We performed experiments with a wild type E. coli K12 strain and a mutant
lacking Trg to determine the drift velocity at various locations along a mi-
cro-capillary for varying gradients of glucose and, a non-metabolizable ana-
logue of glucose, 2-Deoxy-D-glucose. The experiments demonstrated that
the individual and integrated contributions of the two mechanisms at the intra-
cellular level in response to glucose is closely reflected at the phenotypic level.
We also measured the run speed, clockwise bias, cell diffusivity, and relate
these measurements to the two mechanisms. We compare the chemotactic
